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(57)Abstract: 

PROBLEM TO BE SOLVED: To realize an n-type light- 
emitting layer of quantum well structure which is 
superior in emission intensity and monochromaticity by a 
method, wherein the conductor of a terminal well layer is 
so formed in potential as to be curved and protrudes 
downward on a low potential side toward the Fermi level. 
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SOLUTION: A single-quantum well structure has a 
structure, where a well layer 1 1 is pinched between a 
barrier layer 10 and an interposing layer 12 to form a 
light-emitting layer. The light-emitting layer 1a is 
pinched between an n-type clad layer 13 and a p-type 
clad layer 14 to form a light-emitting section 1. That is, 
the well layer 1 1 serves as a terminal well layer 1 1a, and 
the interposing layer 12 is inserted between the terminal 
well layer 11a and the p-type clad layer 14. At this point, 
a conductor 16 is formed curved protruding downward to 
form a low potential section 18, only in the inner region 
of the terminal well layer 11a near its junction interface 
15a with the n-type interposition layer 12. With this setup, a light-emitting layer of quantum well 
structure formed of III nitride semiconductor and superior in monochromaticity can be realized. 
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p (DH) «ifiO*3t3(l^l-*5l^T x 
mjKn^%*Jifi. sBL< fl#fiff>fl:^#F1*ffi£ 
fU 

m/U^ U-^yU (Fermi level) \Z\*]tfXi&# 
ft-fZ, ^Oi/^l* (I n) £r^Wi"S nJ£WIII 

ft^^&l^lf ^ £ SrWK^-r^i^FHI 

ttwfc^F*****^. 

[»*JS3] *frEn *(rEn»ifraE»i:IB 
IU— W»rt-C»RI— Wii^W^r £ 5 ft 

2 jcta^^S^^FUHfi***^ 

[»**4] «ttE»SB#F»tt, W1Enfl5l»Mi^ 

lcEl»OJ|^#F«ift«**^. 
[MfsfcJSS] *J!!5J»«#F)l(i, fiW*^**^*^ 
y-^t^^^ (Eco) 7 ^ u^/MAJ^^^i^ 
^{S^VS/^^fla (Ec) k(D^^/^-m (AE 
c=|Eco-Ec |) fliW^WrW*:*^^^^ 
(Evo) <b 7i^; i^/MM'^**>i&^£: 
ft^fy->f;^ (Ev) fcw^MwMf— M (AEv = 

lEvo-Ev I) (AEc + 

AEv) 0. hoy^f/Uh (eV) £X±k 

SW*«4 ^|Ett^*T-#F«3£%5tmT-o 

^l, illrK»*#FJiwJBJWi, _blE^^f+(D^^/u 

(AEc + AEv) ^ftH^^FS^^ftcO^^^ 

5 (cE«w*^-#F«5fi«**-=f-« 
[If *J«7] MEnBMIIl #Sc7>S^#Ffif^ 
^tl, HufdH*«#FB^)il¥S:. fl!l<a#FJitf>Jf 
T£ Lfcc <b £W»£i-<5St#:Jl l T^M 6 (Dffitifrlcfc 
ttcoS^ffFWjSSI**^- 

(=X) $r0. 3^T/^/#5±ft:fB£:, fi 
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^ • ^> >?r>A (G a i -x In x N : O^X^O. 

ix*McR«©*^-#F«3S***^p 

[»*JI9] lWK#««5t*^ft*»»#F«*r. it 
iRK^Sftfi&S X 1 0 17 c m" 3 JL^_LT*5 X 1 0"° c m* 3 
JL^T<!r-t6, n^Ga,., In, N (O^X^O. 

3) ^^hmf^\^tz^t^^mkT^mM^s\cmm 

10 <0*^#F«5t»ft*^-. 
[0 0 0 1 ] 

*«Wfi* in BlBffcift** 

[0 0 0 2 ] 

^^fflafeft^ra^srttw-i-s**^^— k (led) 

^<7>3B5te*^o£A^J±, III K*fl2W¥*#0>— «T- 
£>6 nJ&tn&iktfV ?A • -< >v??A (Ga a I n,. a 
N : 0 ^ a ^ 1 ) £3£;fc/f (ffittJB) £ LTPfifcSJxr 
Ga a I rii - aNf\ Y > i> MRffctt (= 1 - 

a) Jrafsncj&^-c, ^H., 2. oxu^ Fpy^/l/h 

(eV) a>&»3. 4eV|:I6, 4a&S<7}^TtI#lfc^ 

30 8 3 4 ##RBJ o 

[ 0 0 0 3 ] fti&omit&tOffim*. nMRXSpMO)? 
7!/KJilH*w, G a a I n,. oN^b4S8*i«:Rft 
L/C, ^rip n^«y7"/^fn (double 
h e t e r o : DH) W&frbM&^'Z> <Dt^~ jtttt"C*> 
6 (Jpn. J. Appl. Phys. , V o 1 . 3 
4., P a r t 2 N No. 10B (1995) „ L133 
2-L 1 3 3 5H#RB) 0 ^^^Ofe0 e B tH^^ 
«ric»tt*««:*^ixtf, -f >i/VM&&&&}--k'fZ> 
Gaaln,- a N <0*— W« «r«rit-T 5fi«* 

40 (#BB3p9-3 6 4 3 0*^«W«l»#Ba) • * 

fc. aiJl««tW^«tttf. ^-fi^F-#F (S.i n g 1 e 
Quantum Well: S QW) fllitlfcV Mi£fi 
ST^F (M u 1 t i Q u antum Wei 1 : M 

qw) w&frhM&^z&m&m^zt-ix^^z mmw- 
9 - 3 6 4 3 0 ^mwmw^M) o 

[0 0 0 4] mitmZ: S QW$L\,^*MQWffi&fr bffifOL 
6o ^fc, 'u— 3d— K (LD) ic^oTIt %S 
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[0 0 0 5] MQW^MItt't) S QW(7) 

a:*/U^-W«|i6«r*S:W(wH9«C«^i-S 0 SQW 

g#tofc »i^fflS:it5io io, oii^ 

otM^^ 0 *^#F««^**J1S:#JS1-*K*> 

(^^^9 - 3 6 4 2 2^^*W»#Ra) c #FBt> 
R]«K. *^#F»it«»«8*»^i-5#FS 
FJB) £^tf>TI8&|5]— (7)if(7)Ga,.n I n,.„NH 10 
«J*-rSW35«*PixTV^ (ffl¥9- 3 6 4 2 3^# 

[0 0 0 6 ] Hi OIL m 9 ^Jtf Lfc S Q Wflt 

if/f 0 10, Olllt 012 £^SJt^tI 013 

cfc 9 fc^Ctft^V K=¥> iX^O 14,01 5 0>*t*W»£ 
*/a$tbS^?5«*-e*>5o #FJIO 1 2#K«*;»xfc* 
i«^7tf-r y->t^FWO 1 6<7>e#»0 1 7flJMtt, 
^M^b-S WM^o ffi 0 19,02 

T-M^-t(?)?Pli^otf«0 2 1, 0 2 2 

j&**£L"0*3 0 :«ii L ipfioi 9-0 2 2(nM^ 

J: tj , il^zn^/u^-0 2 3, 0 2 4lt #FJfO 1 2 
0?*Jh#«O 1 3 J: 9*^ftSO^s*8llT*)5 (JilEO 
r^r-v^^j . 6 3IW o lot, *^#F*ifi 

[0 0 0 7 ] *^#F«it^*:S^ii^^5fc^III 

v->^/M*#:te, mi 0 t^!l7f:t5^< > #FH0 
1 2 Sr^^i: Lt»^»S^^fy^t^i)S«b/i 
ot^S^toljfbTfcS (0#flf8-11612 
8#4*«Rt*®WM3p9 - 8 4 1 2#4*«#HB) 0 

t. Res. Soc. Symp. Proc. , Vol. 
449 (1997) , 1167 — 1172 H#RS) „ U 

/u#F«3fi*»bt>, *^**WJMM s »irrsa»w» 40 

i6 4:*±JR*N^ #FJf «6#H) Srfllric-rsiII KSffc 

IS^^^^P^nr^-S (Wl¥8- 3 1 6 5 2 8^ 
^g&t/@EUR0PEAN PATENT APPLICATION EP-0 716 
457 A2#BS) o 
[0 0 0 8] 

imWmm^X 0 t-tZ&m] G a a I n,. aN£# 

FWti-si^FfliaccojsattJUcfcor, ^^^s^r 
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^■?Aiaj*tt; (= 1 - a) tc^fb^^-^-s^^fc^o 

B\ <* > i?V k-fZG* a I n,. a 

Otf^Mcfl^, G a a I n, - a N <7)»Jh*i|Bfi'h£ ft 
(«F^>Bg 5 5 - 3 8 3 4 0 

[0009] l*»u ^i?*}j»ffi.j$.ttt>K 

0. 47^^0. Sili^Ga a I n,-aN^»^tC 

<$ti6 (Materials Letters, 
35 (1985) , 85 — 89 W&M) a 5 0 0 °Cffu*£ 
^at'RjclHLfcG a a I n.-aNfl, ^ e e 0 t£f-*&^ 

Vol. 76, No. 9 (1 9 9 3^9^) , 913- 
9 1 7M#B8) o #F« £in KSf^*«<* 

3 e «§i!ittt-5&5G a a In.-a N*»&#FJiS:« 

[ooio] *^-#F«5ft-e*i, #F@F^t-^-v y tcd 

±t-fZ>G a a I n i - a Nrt>b#FB£»Ejci-5t&Srt s 

ffii&"CricBtLfcG a a I n i - aN^I, JeSteti: «fc 0 
5&St>Oi:ftS 0 Whs i^V^-T -MftjSltOG a « 

I n,. 0 N*»P>*51^F«it**i^P)li, &JKtt 

[ooi i ] 8ij©{£*s**£ftv\ ^f/i^^j5)c 

J:0ft**w»*«:t>fc&-t-t*ix5* : ?-#F* 
a&*»b»*Ji«:*dc-*-5^L-Ct> 2 7 8 0 6 9 

^fcffi^tf^^A^FWifiirtt, SU<7>7t^r v-v-^ 
*jS*W3IH- W^Wt^^Ii© 

^{Cfi:V^^>v/^^m^Jt(7)G a a I n t -aN^t>oT 
td. K^Lr#e>ix5*^#FfllitW**Sr««i-Sw 
^/^«5S^«B^fcS^#F«ifi^«ricS:S«i-S r t (c 
[0 0 12] «P^^2^)lI^t5^5 




5 

»*w*fett^t«n5, in mmtto*mm*t> 

[0013] 10 

» w H« jfe £ ifcJR L 7t »S & tWfett ^ faix ic 
t>«JxS*^#F«it<On*«*)BS:«x.fc, 4^#F 

^■c^w«-c*>ofc, #fh m&m) &mj&-rz*m> 

-^L< (l#«* J 3 ! -#F«it*o«*«Sr«x.fc«ft* J ?- 
«^^< ^fc^-tt6#F)i^«^5S^«fifeSr^-<SC 
[0014] fiP^, 1 tcE«c<E>3Si33li, g a a HSfi 

<o-^®±*cff0j*$^x. in mmit^m^^m^b 

png^i^V^fD (DH) «ig(^|g*:* 
^FflKiSr^TU K*^#F*iS<o»JH**jft-r5# 

fji (»sa#FJi) t vwt'y =? y vmtto^m^. n& 
*#f»?5Ss mils n mfr&m t *&*ft#FJI £ <o^#s 

^ U^</U (Fermi level) tdfp] It "C®^^ V 
5, (In) n?B«5III mmtVo 

[0 0 15] fi*ipC2c03§W2, §8*S 1 IEtt<7> 

[0 0 16] W*^3C05l^f4. fS*«2tCfE*fe 

W^W^^T, HuEn^WMSSfx HSlEn^&Bt 

[0017] it, M#*4tcRtt<D«9itt:, 
*-arfc»S#FHtcBB-t-5to-C«>-5. HP^, »#Jf 4 

ffO«*tc*5V^r, R^iS^FH^filia^^^^/w^ 50 
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\y-<jV\Z [6] It T-htCdh^ A 4Ff £ -tfrfcfg;^ ^ ~> / ^«c 

[0 0 18] Sfc, H*i!l5^E«W*Wtt, »*Jg4 
^JE«w«K(c*3V^r, #FJiS:*riti-S*»*»»<o 
SUL^WlcttJfc-*-* J; 9 fefc b-frS, 

EP^. W*il5[c|Ei»w^^jcjoV^T, *MB#F»I4, 
e*^^^5f5(D/K-r yv/^/H/^/U (Eco) 7x 
/l^ U^/UfRiJ^^^iA/v^{S^^>v/^/^ (Ec) <t 
C0 N jx^/U^— fg (AEc=|Eco-Ec|) ffi 
l^O^O^fy^t/H^^ (Evo) t, 7 zr. 
/Is* is^/l'm^fe%7&/vtzi&7$T>i<'Jr/l'i& (Ev) t 
(Osc^/l,*?— H (AEv=|Evo-Ev|) i:^, ^ 
§f-<7)^/U=¥— H (AEc+AEv) 0. 4xi/^ 

hn>;JOUh (eV) W±^f6g^(;il^i7) 

[0 0 19] »*^6IC|E*^»WI4, Sl3jfl4 

^P^fi, »#J!4*fctt5*cK«^«Wlc:m*T, tufa 
nff«*|^#l(Ol^Fiig^SL, WE»iS#F 
IWiili, _bf5^f+W^^/l-^-|| (AEc + AE 
v) fcte^FW^W-^*^^— L^ir-rs 

[0 0 2 0] »*3l7^fE«W%^l4, f«*«l 

6 0 ip^. ii^3i7icfe^(7)^0^f4, it ^ji i 73?m e <z> 

a^-#F«itS:#U, W»»*#FJi«>JiflC«rffll<!0#F 
[0 0 2 1 ] ifc, 19*318 {c|ettco56P^t4, IS*JSi 

l»*#F»**J«+Sfcft<o»#*«^i-«5t»<o-C*) 
6o EP^> »*qi8fcHE«<o«Wtt, B*« 1 7bm 7 ic 

E«w»W(c*3^^r, WrE»*#F»*r, -f^Aia 
*Jt (=X) SrO. 3j^T^-r5±^te^. tt±»ftfc 

^fl) • -< ^i?VJ» (Ga,- X I n x N:0^XS 

o. 3) *^i««cit**iLtv^ e 

[0 0 2 2 ] »*3S9J-E*036Wtt, W*«8 

^#FJB*s«fx.S'<#*«=«r»^-t-6fcw-C*>S. BP 

»JSS:5 X 1 0 W c rrr 3 J£X_k-C5 X10 :0 cm' 3 ^Ti 
nff^Ga,-, I n x N (O^X^O. 3) 
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[0 0 2 3] 

[«W<O*»0JBIB] 1 Jc|Eil<D*WJc« 

#F (SQW) tHiti: L/c^^l^0^i-6 o ill:, m 

mm i o , #fji 1 1 , st/^ffis 1 2 ^Pi^ «jb l 

tiffimfrbf&Zs S QW$?ig 1 b <D p n m^mDHffi£t 

t^SQWMl bH, li^il (/<!i7: ba r r 
i e r) 110^ li^Sil 2i:T\ 1 f!§<7)#F 

H l l £^Lfcf$/&7^ibJ£9 , :ro»*J:*)Mli 

otlt ^coni— f?)#Fi 1 l^^SSFSi 1 aT^ 
6 0 *36WO*-7-#F«Jt«»««i, »^F1 1 l a 
£ p»^7y K«i 4 ^^(c^ffiBi 2ris*¥A£*L 

[0 0 2 4] @ 2 fl. ^H^ft^Jl 1 (CiE«^3S93(C0* 
^-5Slw^ffl^ffi^S^#F*iS**SST-#F (M 
QW) mmt^tzm&Z, i*/u^-f*lS:Si:KW 

#FJH Habi^y^ Kg l 4 ^wfffllc^i l 

2WA$n5M^iot^5, -<7>MQW«agl d 
WlSTtiilafi. niMpff^7^Kil3, 1 4 M 

MQWfUi^l d<0*»«S:«fifti-S#FJll 1 
a^»»#F«T?fc5c *lifi*#F»i: Lt^W^t 
Fll 1 a<7)^ftil 2(C^Lt^6^Fl^ 
2ifig#FJf 1 1 bt'^6 0 »2ifi»#F)i Ubi 

•9, nm??y khi 3^ssiatcEiisJxri^a. # 

FH (H 2 T'fi, 1 1 c — 1 1 e ) 2 i£L^#FJl 1 

1 b»)#Fitfc5 0 Ztltb<0$r7*mi 1 a — 1 1 

e tm§tm i oz&Kizmm ursj^jwoMQwisigi 

[0 0 2 5] i2l^3V^r, niWpi^7-yFll 
3, 14(3, nMt/pi»fllx.tf, KftT/U'S^fri* 
• XV *-k«A (A 1 Y G a i - y N : 0 ^Y^ 1) 7^<b 
So #FS lla-lle ^Ril 1 0 RXfifr 

*»C*Px.Tflfe<oa* (As) (P) *(75^V^7C 

(G a N,- T A s T : 0 < Y< 1 ) -^y ^it&ittfV V 
A (G a N, z Pz : 0 < Z < 1 ) ^COn^III 

6. L^U JlsisVJ* (I n) £f$J#7C^<t LT^fr 
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«NC Ga,-x I n x Nrfia^b#F«Sr# 
[0 0 2 6 ] #F«&UWilJitt:, nJ£o>ga|£:M-tS 

JfFJiavHEMtt. !Blv»g5c*<03** (Si) 

(Sn) , $fcli!BVI»S0>«tlt (S) ^tl/y (Se) 
«<On K— tf:^Lfcn«III J££fb:«5¥« 

(undope) tiSffiffi^G a,., I n x N?Ii^b 
#F»Sr*riti-S<oSr*fc»*U^^i-S. Wilt 

[0 0 2 7] »II»m:#FI|i: LtfffflS-frSlcff 

*qiT?f±ftV\ 3r-V y 7 ( t r a n s p o r t ) 

liaoT^Miflj:, * n — - 5, fc XI-— ( K r 
20 onig-Penny) ftj* ^ 0)^-7- ^SSW* S "f £ 
t^tSirl^Tfcl) (K. Seeger^, r-fc * =1 
^**-<7>feg^ (_b) j ( m) WW»J£, 19 9 
1^6^100^1 WJ3&fT) , 12-21 M#fB) o 5S 
^-CW^-^ttft ttKA(t filO-20nmgK(OF 
( t u n n e 1 ) 8b*rt s 3&#-C# 1 1~ Z> 01 

^-Mt'fcSo ffFi<7)ff Uto, lOnmJE^Ii 

F«tl»MafeWC7>ffiJlo*j4Slfl=«i, SQWMw 

1*1 IX, MQW«ifiSr«fi£i-5#F»^«ff*ift 

[0 0 2 8 ] ^ft^ 1 2 fi % ^^#F^ 1 1 a *mifct 
n^Ga.-x r n x N J; ^ tSihWiH^^:^ 

fi*at^b»*#FJi 1 1 atfffif&£tiX\,^ZM&. » 
«#Fil 1 a «rifls:Wi:i*t5i*ttS:Mt5* 
KW±«o*ihi«r«*:«-t-SIII Be*<fc»*8K*:J:!9*ja 

40 t5 0 2(1, #F^1 1 aWt^i 

ftft©«*IC#LtaWft, ^JilfAl v Ga.-T N 

(OSy^l) Wnfrbffif$.1-Z><0&ftl£ 
^J112li, ni^ B a i^blM1^ 0 ^^7M 
^5X 1 0 17 cm" 3 ^, ^KlilX10 l7 cm 

' 3 ^7^l/c, (g^r-Y y r»£-ciM*sa>ni mmtm 

0 nm^K^IK (12 0 nmJ^T^iS-T5 0 
[0 0 2 9] ^ffiB 1 2(1, te^r-^ y TjRjSt*iS*ESO 

50 ^^^Ji(ce^<b^7t^^lill*^mi£^±#te^ 
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mzh^x&m^z^^b-f. i^^^fi 1 1 aT\ « 

[0030] §3(i, Hi i^Tn 1 0)3Cjft7l$ttt£fli 

i?Z> s QWfUig l b oi^ytm 1 a £<I;i*:3g#:SB l <o& 

^tSf^W/^Wt^^i. (band dia 
gram) T-#>5 0 I 1 WllilC^^^y KW 
£>«f«fi, nff^frffll 1 2 fc^«-fr»ffi 1 5 a iS»fc:*3 

[0 0 3 1] 4 {^-^(Dn. m 2 L/:MQ 

wtnit i dtc^-r^>^> k^-t^^v Atj)5o sq 

Wtffig 1 a lO'MQWii 1 d Mj*J;b % 1 tf>Hffi 20 

1 5 a ifi§(Z)»jB#Fi lla^C, 1 
6fc7^/isl u-</H 7«JtciT{-ifb«c:lifixft^o^ft»f 

[0 0 3 2 ] ±IE<7)«1^ <SiS*l 6^fg^^>v/-Y/U 

1 2 £cO^ tp^M 15a ^fiH^T, #fl^c€: 

v G a ] - y N (OSYSl) T&^^ffiJl 1 2 30 
mftfemi 2«tn'hS4»Jti«<OnffiGa l . J In 
x N (0<X^ 1) ^bfc5*MB#FJll 1 a 
Df^iCfcoT, 7/b;^r)A (A 1 ) gK^V 

v>*A (In) WlR^»aAS-t*L«:*rt7C*i: LT^tr 

9&ff*KMtt« fi20 nmWT, L< l±«J 1 5 nm 

J£*T\ Ml^Sf* L< fi» 1 2 nmOTtfS^fc 
So 9&Mtt8tt. -ttW<c2i^^^>Kft#tffe (s 

IMS) ^V^-^x (Au g e r ) fflrF-#3fc##r8: 
(AES) ^^Jcj:57c*o»ffi#tlliw^Wje^SrSJc: 40 

[ 0 0 3 3 ] ^ffil 1 2 fc»*B#F9 Hat 

7-y->t/«ii8C(t m^-i 9 &Wffi£-&Z>^ t 
tfX-$;Z> 0 te^^^-v/^i 8£, Wfc, IT-l 9£ 
mS-tZpWZ? 7 s/ KB 1 4 £6Di$£#ffi 1 5 a icBMg 

^IT, 1£««W^v^jE?L (hole) &5hmtf){CMm 50 
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^T, l^*««*iS»-C#«!UC«^ijE?Li:^ 
[0 0 3 4] fcig^l 6<7)(6#^>">-r/uapi 8 

T^5£DT1±^< , ^N£/f 1 2Xtf{»»#F9 llai 

JtStt (response) ^^iS^iiSiS^^t^^ft^ 

#F«3S«*»*st>/i6)Six5fiJ^bftB["*-S. 

[0 0 3 5] *KW«||*J«2^1E*<0»W«-«^**2 
^*Kt»«^^-rjB4»©E«BBffitt, »«#F«S:n 

^#F»iS<036#9K*>o-C* »jH«i#F»75^«rit-r 
SCcb^E^So ^colE^te. HI lMU ? tc(U2 

J: 9 »*#F»rt«-eW«f<o«*f Sra*Wlc|B^ 
£-£5fc*!>T*£>5 0 #F»£*tc*^#F*ifi«r*fi!t-r 

w+M«cE«-i-5t>05'CfcS (H 1 XtfH 2 #JH) o S 
QWiifilCifeotli, nJBBaifin^^y KSKft 

[0 0 3 6 ] *H<OW**3^E«^*W^«feSJB3 

2 <t J&aSWFJg 1 1 a t»^t5n»P«I lOtlt 

nit:^»)Al ¥ Ga,- Y N (O^Y^l) 
^^fiil 2Sr«Uai-S»^*wJi, n^VSJIl 
Tyu^^^lt (= Y) &m— k1rZ>A 1 Y Ga 
i-y N (OSY^l) ^^tS^c-T^o ^L<*i, T/U^ 

^r>^«afifcJt^>ti*«r^:/L, ±o. osj^rt^-rs, r 

/U*=*A»tfJt&ttH-fci-*A 1 Y Ga,-v N (0 
^ Y ^ 1 ) /l^MtSo n^PfH^ 1 0 C02gmt£(-o 

«tsnB»in oh, ^«tt(c<stL^iii mmt* 
M/>&< h^ixio ,c c m" 3 j^±, l< nm 1 

X 1 0 17 c m' 3 &mz-ifo 1 X 1 0 ,s cm"'WiT^S: 
- 3 x. 5 «t 52 tc: n «RSf l 0 ©J* ittasffi-fr 6 co 

r% =3f-v y raiattifi 1 x 1 o 19 cm-'j^T^tsw 

[0 0 3 7 ] Hi ^L7t S QWf^ig 1 b £r#J|C LT* 
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-rs^^m nai:, ^(nm%})(om&m 1 5 a , 1 

[oo38] ieic n it&m 12^ ^#fh 1 1 a t 
m&-tz>nmnmm\ 0 tzmm-cDmrn^m mm\t 

n 2 0)mm^b%$i$i#7 5 mi 1 a (c^n£*x6/^<o 

[0 0 3 9] ±12(7)^y K^ftift^w§— 

m^^m^xmm^<7>&ffi£Mf&-rz> 0 *nm?tm^ 

Tf^e^-r^o i4«»ii:fi^^y KM« 20 

, £^#fji i i a ^ n ^Pt i o t o^wt&m-m 1 

\^U2 1 ^M$ixti/^c £ £ <b^H 3 (7) 

^Bffitc7r:-r^p< , »#fi i i a^, m.$Lj&um 
m^mm—t-r^nm^^m 1 2&o<n^Pti£/i ioc 

[0 0 4 0] ^m/l-^ U^/H 7f|JJtCtt^LfciS/K^> 30 
1 t£li, IT- 1 9 i:(7)^#t^^^^^:fc-r.TE 
7L2 2£^(C#fgT^£ 0 C^^V^Ai^ 1 

(7^tC^jf 1 2 £ (7)g^#® 1 5 a i£f#<Df£tfir > > 
-Wilful 8 fC^^tLfcm-T 1 9t)X^^-l//</b 

i 9^ie?l2 2mom&^*^3c-2 3 a, *^#FJf 
1 1 a^^-r^m mmm^mmm<o^±^m2 40 

a £111 ^^{b^^#f«W<7^Jh^l2 4M 

[0041] m2 iz^-rmc^ &j5mfo<nfcm : & 1 6 <o 

(Eco) I6a^ ^/U^ 7 f RIJ — v^i^A, 

fzi&tfy" ^is-r/lsiffi (Ec) 16bi(7), zn^/U^— ^ 

(AEc=| Eco-Ec |) 16c XmZtl&o ~ 
ft, lffil?-^2 O^^^V^/UU^/U (Ev 50 
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o) 20a y=n^^ u^/u 1 7 M^'fe-h&A'tci&tf 
(E v) 2 0b^x^-f (AEv 
= |Evo-Ecv|) 20c^t)oT, 2 0 

(73ft^^^^^ix5o e*fflFl 6(RijOAE c (-1 
6 c) <!r, fffimT-^2 0M(O A E v (= 2 0 c ) 
fPT'*?6^^/U^— E c 4- A E v 5 
f+C7)^,U:?-^-efc£ 0 tfijxj*. ^#F^1 1 a^ 
^i-^¥^Wffi(7)IEm^^iii^^2 4 7i^. -a-f+GO 
x^^iA E c 4- A E v £^U3l^fc{g7^il^^ 
/U=? — 2 3 £#X.5o 

[0042] sw&^coss 5 ommmmxa, *m<nm * 

9 5 tdfa®<D*D < , JbEW*«-<03i*/U^— SAE c + 
AEv£0. 4 e V«Jbti-S#FliA»e>J|*»#FJl 1 

1 a £1Hj5£-r£o tt), AEc+AEv^O. 4 
eVJ^i:T^6«^FIl 1 ate, ft %<D S^^b^r 

zn^/U^ — Ec+AEv£0. 4e VJ£i._L £ iC 

^s^s, r^mfcMfe^^vomtfcmi ( «*) « 

HtB^fT, BSfP 61^9^300 «UKRB 4 JS'J) . 13 9 
-14 5l#i) WMCftot, '>^< <b t>^f+^^ 
^/^-iAE c + AEv^0. 4e V £X± t -5#F 

[0 0 4 3] #Mft^F (MQW) «5f^«^ci-5# 

tf, JErixtcftflfLr, #F»rt^fi*r-^^^yu«l«(c 
JB«*ixS*ffi*s#F»^»or*<c5o ^oT, ^r^ 

#F»*Jctt«*S^jc»jc-r5*** s »tt*ix5'FSI5 
-^|). 0x ^ ; ^-g AE c + A E v ^S^^ 

ifECO'&fl-^^^^^—li (AEc+AEv) ^fdl 
^#FJi«^W*^3.^^^-M«t <9 t>^:i: UTt^FS^r 

[0 0 4 4] H4C0/<V YPJ-*?? ^^IJfflttP^ 
-rtitf, »2i£»#FJil 1 b^co, RMl 0 a <Jr^ 
^#®1 5 ct^6*»l 6 (7)7^-7^ /K7D n 8ft? 

^" (O^S 2 5 c & s mi ifiS#FJB 11a 
<7)^$ 2 5 a <£ «9 fc/hi: LTV^S<0^«f»-C*>So -i. 
o N Rfl l 0 b W«^#ffi 1 5 d (d^ltSMf ff 

2 0^^§S2 5d|), ^lifiS^F/S 1 1 a 
F*IGDfffimT-^2 0 c?^^:^i^^(7)aS2 5 b(DX *) h'bb 

1 1 bP^tC^tt-S^th^^^/^^— M (2 5 c + 2 5 d 
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KfBS-TS) I^^FI l l a rt(7D-&H-W3i*/u^ 
(2 5 a + 2 5 b tct@^-T5) «t 0 i>'l*t-r&<DiP 

^5 1 8 . 2 S2ifi^FfilbJ:0t)S5fe6t)lc 
*-V y T 9^0?IE7L2 2) W, 2 i& 

S#F« 1 1 b J£*P*<0#FB 1 1 c - 1 1 e (7^^tC 

I*, tem&i 6^ftSflctS5«^-i 9&l*IE?L2 2c?)^ 

[0 0 4 5] MQW«ig^^^*Ji«:1llfiK-*-6t-feo 
T\ miiftSl#FH (»S#FJH) lla^2ifi^ 10 
FJ1 lib £r^str-?:;h4^P$£>#FJI l l c — l l e ici 

S 1 1 a WrtgP^^^^^v'-V^SSc 18, 211: 

51^1 9&OTE7L2 2*tt*t?¥tt^«rfiw"rj: 9 tc^J 

«c«ns«*^fcfce>*n6o i2i£g#Fii ibw 

P£(7;>#FJI 1 1 c — 1 1 e <7)#* tC. 1 6 ^t>*{; 

fijj£a**><5. S 2 ifigSSFiy B^^FB^^^t y •> 

[0 0 4 6] j&*8#FJll 1 aCo^ttlC, 
FH(cBa-rsS^lfffir-^*IfiSc^feii*tt^ J: *9«ttfc fe 30 

Bt^rl0nmWTi:t5^, ±IS<7^ff <7^^/U^-^| 
(AEc + AEv) ^0. 4eVJJjlitt5:i:^t'§ 
So — */L leV-l, 5eV$:ii»^f 

^v^ + yuSPSrJKricLfc, £fi*JL1(HB*:*&3. leV 
itSGa,., In 0 ., N^ B e B ^^^#Fii^^t- 40 

k«jwb8 o o nmiats^^aitbna 

[0 0 4 7] MQWM«(t5^Firt(7)*Ty 
^^yu<7)S^iZi^^Wlw#FJi^^nb^H:ttUT*:i: 
■TStcfi, »*#FBwM«<o«^#ffia5ai(*tt€r, fill 
w#FJB^»*JcltlBU"Cffix/^t<oi:i-tttfRv^ # 
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t><7>£&So 0*Jx.«. nBGaNHMllIGa,., I 
no., N»«#F»SraiaE«^i*M-rsi:, 

ffi4 0 nm~#]5 0 n m IdfUit-f 6 &> 

6o ^ot, »»#FJi^o*«aE*ixfcrt**Ki*WI 

Sft^Srflfeo#FH^*Jxicifc«LT3SjfttJ«i-- i 
[0 0 4 8] «l«^7^»|i:Ef$o 

nia^, te^#FJBittJBJ»*ii«--t-'&»»^e>« 

H5 0 #Jx_te\ ^«EJi&V#FJB«:*fi!c-rSIII »i«ffc 
^^^f$:m4^^1E^^Px.-f e Jc, |MB#fjhi i a ^« 

^FH l a<7J>^£r* VJiBlcfflio^FJiiclt^TJ: "9 

«^-#F«jft3ft»??ftS3S*Jii-«>or, ^ft^tc 
*IEWfeK»4rXtf-r»*#FJI«>«»l l a£r, 

<^y^^WJtWGa 1 . J I n x NftiSJitf^S 

[0 0 4 9] ^i^FJI 11a <OjfJ^£:ii£< £ , n 
^KKJi i o ir^£B l 2 fca»b»SJS2ioK£^«ti> 
it6 fl z<otnb % WFlllai^#®l5 
a T'^gaiWl 6&t/n?^B£lijB 1 0 t<D^m 1 5 bt' 

^ryyt/Hli8, 2 l (c^$ttS^*/u^r— ipfir 
?5S<t Steffi ft So ^oT, ap-ir yriBO]»»^/u^ 
-{iffflg(7)«*SB#F«co*^tcH:-<T, J:f3«'>$4x* 

[0 0 5 0] :©***ft»*tt, ttWftffi* 
^>^^/u«fS^)fl:^-#F«aS^^*S.$ixSS*i: 

a>*^#F«it-Ctt, JfFiwf^ HP"^. ^F^I^^ 
*i"4xtf, #Frttc«?j«StLS*«a[f4J: , 9*5< ftS. 

«e*^S^#F«5Si:tt*ftf9, #Fffi<^j«'>i:4fc(cfi 
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[0 0 5 1 ] *36^<z>*8a>jtl||£?gl6"C(d: % mfe 
[£&or. ^JS#FeS:2|s:ISSWlS*il7^fiE«c^ 

±lf tbtiSrt^r&So *«Ww#fy^fyw<yKw 10 

AiBricJtWGa.-x I n x N*^FIi:LtSfflt 
Slcf#?, ^fc^WSftSflsSrJWtf 5?F««tt«:lEJittrS 
So *5§^(cfifeixtf. >f >^*Afflj£Jt (=X) ^0. 

>r ^itVM&f&ttvg.iktf!) ^ • y y^^as (g 

a,-x In x N:0^X^0. 3) SrK*<»3«#F« 

[0 0 5 2] V^^^M^C^ilSO^iai^tCfot), E. 20 
0#«(7)Ga,. x In x N (O^X^O. 3) T^b 

& s «#fji h , a t ^ 

£;ft,So *tB«Kti*4, -f^^^Mit (=X) 2r*@ 
fi-**5ffl3&£>*Ji (d om a i n) (p h a s 

e) W»^b*5tt*ff-CfeS OT¥lO-5 6 2 
0 2##BPJ o Wrttc^iaWtc^-t-Sffl (») 

Mr B fW^Lti^ K>7 F (quantum do 30 

*l^^i-£t><7)£:fcSo 
[0 0 5 3 ] *ft»itJ5»fe<CSII*«#FJitt. 
*«&*JR*WMMB*« (MOCVD) jfc, 

t 0 ^^r>^^/U (MBE) feRVMi^ci^ ^\\Lm*?'^ 

/U (VPE) fe*r?ritBlUfc««C. iajEft*ttfc*ft=^* 40 

[0 0 5 4] *I^W*9(7)iKir'lt 
b^5Ga,- x In x N (O^X^O. 3) JSHBtCfc 
oT, #JC, »*IR^S:ajEfejllfl[r**tfGai- s In 
x N (O^X^O. 3) 8»6WFilla?r 

fH/#-rs o **«*^>aEftJcJ;9, 

SJS£, Iil<li5x 1 0^° c m" 3 ^, KlcMlfc L 
<d 1 X 1 0 20 cm" 3 l^T^t6G a,. s In x N 
(O^X^O. 3) 1£W8tifc7*m 1 1 a *mf$LlTZ>1t*> 50 
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oy&^Mt UTil-TSo R*I?IC«rm x i o 15 c 
m- 3 sSctMi^) 1 x l o 14 c m^T^S, ffiftTSS 
15^*1*^8,., I n x N (O^X^O. 3) jj£ 

g^IH, ^5xio ,7 cm- 3 a±T\ lxiO^c 
[0 0 5 5 ] tt*W^-»ft«:#iBft«ilBi:i-6Ga,.i 

in x n (o^x^o. 3) i&Mim&'&z^&izn, m 

ill MOCVDSCft^Ga,., I n x N <7)/&Jjg[C|^ 
(function group) #Sttfln Lfcffc^l&S: 

So eux.fi, h y tr^tf!) ^((cH 3 ) 3 Ga: 

TMG) ^GaBirU hH^^Ky^^A ( (CH 
a ) a In: TM I) §r I n W.t "f S G a , - , I n x N 

(O^X^O. 3) Wfi!cBtft«^*>orf±. 
Slip pm^b+aif p pmifSTMGi:, *+ 
Sftp pmft»t>ffil 0 Olip pmit^TM I <t 

5 rile* «9, »itiJjST-»ffi*±l£0#ig& 

[0 0 5 6 ] »Fl^^tGa,- x In x N (0 ^ 

x^o. 3) uiMimftnmm^m&*tm^z>t^tbo> 

BU^&tCfi, Ga,- X Inx N (O^X^O. 3) 
Sr. K****ltS:tt#«c»»lUfc«ft#H«rtr*rtK 

(co) , nmtrnm (ca ) -^tk (h 2 o) 

-IMfcA* (NO) -^ZLSfta* (NO, ) * 

if <o«*«-«r»«tt . in K*^***ffo«*7c*r 
>^-r (nh 3 ) jj**mmwktmm it Ga 

Inx N |£A«rt^)ik : XJR : 7-aftS:«iJ«ir#5. 
Ga,-x I n x N^ B B B ^l^co^J^T-^Sf^. 2 ir 
>-KS5>*fjSfe (S IMS) (Auger) Q 

■T-»*»«ftt (AES) ^i'a)KM$(a^tt 

t So 

[0 0 5 7 ] 

tt, «^Sr»»#FJBort«o«*^ai«Wl-*«* j a: 
^tt $ tl/c fl;^- Srte t V -y yu U-</V ^ ^ci^ $ 

So 

[0 0 5 8] ifc, W#*2<o«W^ie«Six5*«# 
FJlwSi««c:»ixtf, ^#Fii^icffi^^>^-t/uSfS 

B**D<. ^ffiBt, »*#F»fd«^i-SnJBP»M 
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[0 0 5 9] BI*3S4«ce*0*Wtt, IE?L£# 

[0 0 6 0] »*9[5«cE*o5BWtt, ^rtyr 10 
* ft: IS fi { d if m -t Z> ' < > K =r is *> * Mn$L & h fc ^ 

[oo6i] m^mecDmm^mm^. 

% 2 ifflg#FB £ <o(H z> > y * jv<o mm i*m 

[ 0 0 6 2 ] £fc, SS*3S7^^«Cl5a«^. «1<Z>#F 

a £ D t>*v^«ff^b*5»*#F»(i. 3gftft*<E>* 20 
ft* ft; £ ffiffi * £ # ^ > > £ h b "f 

[ 0 0 6 3 ] »*JS8KE«Lfcft«#FB^* 
/&<i, !»*#FJl^^wlB*3»aS:l«*DS-ti-SfffflS:*r 

tbfc »S#FB « , «#<7>S* £ K l-lffin £ it 3 {1MB £ 

[0 0 6 4] 

W^if^^-K (led) ^^j(ar, 30 

igfzM I3&»?>ft5 LED 4 0<^WS«it£^«5£lil"C 
[0 0 6 5 ] ^7t<JT (a-Al, O, W&Mt) 

6 5 feasts 4 o o (oooi) m (cm) ±IC(2, 

r^^fL^y^^ (GaN) J^ibft5<S«Jf 4 0 1 £4 
5 or-CJtaLfCo |«»17nmi:t5a«i4 0 
l±lCtt, y7l$^ft2 X 1 0 17 cm' 3 «fc B 40 

0 2 £-i£*fLT£>6 0 TyK-7 5 niGaNi4 0 2(7) 

±KHi, (Si) a> K-fc^^fcftSrBff^ttMJn*" 

[0 0 6 6] :WniGaNl4 0 3^TS«nIO^ 

7 y KBt LTfiJffl IT, *<0±JC, li:^20nmi: 
t^TyK-^nlGaN (^A' !J 7fig= 4 X 1 0 
17 crrf 3 ) *^45»M4 0 4S:*S|Lt. 50 
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[0 0 6 7] KSi 4 0 4 ±tCfi, ft*«#FJI 4 0 5fc 
5#FB£8 9 O'C-CJtfBUh. WF14 0 5I1 
Bff^)Kl 7 nmCOTy K-^On»G a 0 . «... I n 0 . , 3 N 

ttSv/^D^y^^^^y^^A (c 5 Ho i 

n) IT (J. Crystal Gr 

owth, 107 (1 9 9 1) , '3 6 0-3 6 4 M# 
M) , niGa,.Mln 9 . 1! N»S#F|4 0 5WSI 
K;fr©IB»0>ttEEMOC VDRj£:JF^<Z^££#.lt 
t5Ci*t)0-C»7Sii:fc, *y»#FB 4 0 5 <nrfm 

*+»<offlB0Sr 3 CHOICE: »j»»t. -troWL 7^^7 
(N H a ) #*<7^£3fciI£-frT, MOCVD^J£» 

[0 0 6 8] ***««, n^«H4 0 4 ^-Wtt 
*W*£>*3, IrI — O^mW-O) nl&G a N^tS§4 0 6 <k 
LT««Lfc 0 ^ai4 0 6«^r^!)7l*lt «7X 
10 lti cm'^Lf:„ IP*), nlMi4 0 6l 

^iig4 o 4 iew»t>i^— 

^ T»flES:nJBI»M4 0 4 if? fciSi:"*-^, 

[0 0 6 9] _h!E<0 n ^J»itB 4 0 4 RXflfr&m 406 
K'*Fi4 0 5 Sri*»bT, SQWti3t^^7t^4 2 
SrfltfifcLfCo n^«E84 0 6 ^#Fi4 0 5 ^^ 
#S4 3^)iiM, -O-^^A (In) »«^#F 
14 0 5rt^¥*9W«S«t "9 2«t, JB^»«S:«-rS(c: 
Kt5i»BI«:-|Rtt4S I M S«#^&K,fc $M5fe 
Lfc^r^. 1^)14 nmT^ofc 0 r (Z) Att<4fi. nff^ 
^ffiB 4 0 6 tn ff^^F® 4 0 5 t <7)^W-ffi 4 3 T'<D 

g*«<?)I* (^yf-fy^) 

[0 0 7 0] nF4Sf4 0 6_htCd:, -v^^V^^ 
(Mg) K—^pJgA l 0 .,sGao. s5 Nl^pf^77 
KS (If=15nm) 4 0 7 ^LT«L/: o p?K^ 
7 7Kl4 0 7±(cfj:, B^tf^p^f^tcr/u^^^A 
(A 1 ) la^SltSrO. l 5a*b0lci»i£*W«'>£-ti:fc 
pff^A 1 y G a , -y N (Y= 0. 1 5 -> 0 ) Jt£=*>^ 
^ Ml (Bl¥=0. 1/zm, ^ty7tl=2xi0' 7 
cm" 3 ) 4 0 8 <b LTitfflU «^t#it^4 1 Sr«rft L 

[0 0 7 1 ] ^*I©7t h y y^77-f-S«WlfflL 
f:/^-^y^DI^Lt, 81«M4 1i:/7X 
-7x> 7 f-y^0I^ltrfML/cn?F^ ^ y KB 4 0 
3^®i(C(j:, nff^-;y^ (Ohmi c) 

0 9 4:»«tfe. p^=y^^h84 0 8oSffi± 

tCfl, p»^— ^ (Ohmi c) ffi^4 1 0SrK»t 

TLED4 0 ^^^cLfc 0 
[0 0 7 2] 5 s/^«E4 0 9,4 1 OFfltC, 
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3. 5*'/H> (v) (7^i:i^m/±^fn^nLr, 20 ^vr 

>"<T (mA) (7)Hi*rfi]«at^ii«cbTLED4 0 

#FB 4 0 5 ^Mt5G a 0 . I n 0 . N^^-CGO 
«ih^M (^3. leV) Cmt^iH, ^0. 3 

1 3 nmTfcofc 0 f^(chip) — «W 

(juw) wh. ^.mmmxa, 10 

&&itmti,x^z>tifr, it £ titbit tmc^ 

[0073] (nmm 2 ) ^mmmxa, ^m<D^ 
^^^Mn^^-r^^mm^^m^ (mqw) a> 

ED 5 0c7^|^tg^^7r:-1-m^:illT^6 o ^SS4 0 
0J:'9nff^7^Kl4 0 3(:15M(i, 3lJtM 1 20 

[0 0 7 4] n^^7 5/ K14 0 3^MtSnf Ga 
NH_b{C(i, 7yK"7 , t'nfOGaN^|li5 0 0 
iL, 7^ K^'t'nff^G a 0 . yo I n 0 . ,oN^Ff 
50lHt -*KO«B«ffl»ffl5 1 a 5r4Jl»k « 
H£itfc#Sft^#F1tit5 1 b^5>tt5IS*Jl5 2£ 
IdB L-fco PSigJI 5 0 0 <^BJ¥fi#<] 1 5 n m t Lfc 0 * 
fc, #F@ 5 0 1 ^ff{j:4 n m £ Lfc Q PfMJl 5 0 0 
SU«#FJi5 0 lm^-v y T»JSfi, {5int>5x l 0 !7 
cm^Lt^6o w <7>MQWtlfi£5 1 b ft, nff^ 7 30 
7Kf4 0 3i:g^t5l^, ryK-^nff^Ga 
N£rPf Mil 5 0 0 ^U *&«#FJ1 5 0 1a Srn^G 

[0 0 7 5 ] *£*S#FJI (* 1 J&mm) 501a (C*^ 
-Ci&S-rs»2iggg#F8 5 0 1 b«R<On«^7 y V 
l4 0 3ilc]£5*F85 0 1 c 50 1di:gll5 

Tflfe^#FS 501c-501dft P*I£J1 5 0 0 |C0# 

t^^v\ KM, MQWt#it5 1 b^MB5 2 0»« 
Sr<ci-»*#FIB5 0 1 a ^/Sflg-rSBgi-f*. 

nmmmm 5 0 0 a <7?j$k £**t l*:sl mmm^mm 

$-t£T*MB#FB 5 0 1a SrdtHR-fri*Jc, JS^^f^coM 
o c VD^DP^^^^SMC 4 affl tew «9 fflh 
Lfc, rw*«*WO*-«JC»o-C, »«#F15 0 1 
a CO n ff^Pf §|B 5 0 0 a t <E>#® ^{ffittT-^®*^ > 

">-^/nai— ^ftifr^sffi^, it 2 ifiS^FJi 5 0 1 b £ 

4 J6Tft!iCO#FB 501c-501d MlttR t L 

fc e ±.te<D&*+mmmcx r> . »iB#F« 5 0 1 a ±r 50 
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n ft?H@J| 5 0 0 a t <7)^#® iCjfttt 6 , mfcffl 1 «d 
mt Ltz 0 

[0 0 7 6] |«#F1 501a JnMI^ Bff£rfirf*3» 
WnWIi5 0 0 a^-W2 0nmi:L, T/U ^ ~ 
^Afi^itSrO. 0 5 fci-**ft:T/US=9i* • #y * 
(A 1 o. os G a 0 . »s N) ^b^5n^ft8 5 0 
3^Jt^Lfc 0 n^4i5 0 3lt nigilSOO 

Kfttttf)2 X 1 o 16 cm- 3 ^<!rPtli^5 OOaiH 

[ 0 0 7 7] «#FI 5 0 1 a ±l£ n MlttEM 503 

*fr£|iJlX 4 5>Mfc Lfco :m<£9, M#F15 0 
1 a y^^A^»SS:2jlf*> 
S-frStCK-rS, nMft|5 0 3 i:^»f)n 
Mfttem 5 0 3 WftSB'MaEEfBi (®£?§Bft) ^13n 

[0 0 7 8] n f&ftfcm 5 0 3 ±{C|j:, ^60] 1 IdfBtt 
Ltpff^ 7 y KI4 0 7 Il/pf ^ >^ ^ M408 
8!«*-&ra»«a(*:5 1 Sr«*LyS:. 

[0 0 7 9 ] WJSHIig**: 5 1 KflflXSrSS LTflHJK Lfc p 
ngcn k l^DHSiS^L ED 5 O^, 3 . 4 — 3. 5 

v^im^mjE^fn^nL-c, 2 omA<njK*f6]«ac*:« 

a o yo I n 0 . ,oN^*i-5IEawSJh»-e*>SlKl3. 1 
eV£#*)0. 4 6 e Vg, TleI«5#*J2. 64eV(7)I§ 

tte^tzo ^yy&mxco^it<D&mm$2 5 iiwo^m 
[0080] mmm 3 ) *3afi«-c«, w*c, it ^11 

[0 0 8 1 ] ^^^'J-Cli, HJ6W2 td|EttW4MIW75^ 
b4 6MQW»a«:**t 6 1 fefc 9 , »*#F15 0 
1 aS:*)4t5n»<DGa,.„ I n 0 . , • NJgSH^JiW: 
Sr, *2ifi«#FJi5 0 1 bXt/*ixKI*W#FB5 0 
1 c-50 1 d J; IJJHitftLrfllfiRUfco i-ttt?*>, 
»*#F» 5 0 1a COgJf:f± 5 n m t U *tl&>ft<n& 
rJM 501b, 501c-501d COgff it 1 0 n m t 
Lfc 0 ZCDct^^CLT. jt*«2tlJ»«#Fi501 

[0 0 8 2] nJBat/pJe^—^ y^««BBJ-»3. 2 
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OIL ED^ntCit U ^4 9 0 nmiJ:9ftSfii/j: 
ofeo IwSSlt *FS^*lfit5Ga,. s , In,.,, 
N<njEM<nmit : &<mX~frZ>&}3. leV{Cj£LT, ft 
0. 5 7 e V/J>£l/>&)2. 5 e V O*^*/^ — fcffi 

[oo83] ( jtft^j i ) mmm s izmm t mmo^ l e 

D*r«*-f-6«c*>fc?), BP^i. »«#FB5 0 1a©l 
l?*flll^#FJB 5 01b-501dJ: 9^Jf <t 
MQWM5 1 b ^m^tc L ED^W^C^/-: 9 , 
^ 2 ifii^Pl 501bWn mfttEM 5 0 3 M<£>KKJ| 
5 0 0 aWniPlifS 0 0 b^*^g^®t' 20 

|5 0 0 b^fi^TLfc8, l ^M^^lSiSS^W 1 
0#P£t£<:J\ Sfc* *2i£«#Fi5 0 1b^ft«, 
[i!C< l ^BB^ritft^Wr^FliBSrKJtSC: £frc£ 9 . 2 
i£g#Fi5 0 1 b fc&£>zmJjO)m&Rffi<o£M&* 
mm-t L/c Q :ixJ;9, »»#F»5 0 l a 

5S2Wifig#F15 0 1 b £r«x.*:MQW*2g5 1 b 

[0 0 8 4] AES^ftS»«f8*4:i;iC**fc, Jt« 30 

ffl i ice Lfc»»EHitt, ® 2 5 0ib tcBB 

W-mtf, J^iS#FS5 0 1 a tCO^TWjS^SEBtlCJt 

[0 0 8 5 ] ||Jfe«3Jl7!;M 3 JciattU^^i: I^SStc LT 
p n«-&a!<DDH«it<OLED*:iPJSL-C«*#tt«:W 
ffiLfc H*0ij3<nLED<7)i|#tti:<7)ltKfC^V>-C, % 

WjBWCfclJ, ft 5 O 5 nmteTWS^ftRfttfto 
fc. — H 7 iC^ft*-^ 3 £^-T£d< , *Jt 40 

RMlOLEDIi, t^*:SI^4x5±fc5^^^ 
h/u5 3at^D^t, eft* 9*a3£fiWc % **b<7)ftS 
£*<J4 8 0 nm h1r hWYfcfote*^? 3 b <7)3££ 

rt>fS#)£>;ft,tf: 0 ■I&W**'*^ h^5 3 bco{±i^(cJ: 

O^bWJI*^^^ h^5 3 tC 

to 

[ 0 0 8 6 ] [17 hyu&JfciK+ixtfW hfr 

temz^ mik&itex^? H/u5 3b(i, iMi3WLE 
D5 0^?)|j:BUl^^o — S$2i£»#FB5 50 
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0 1b &»mm 5 00a, 5 0 0 b £ Wgg^^^tCffifc/K 

T^v^ir^aJSrRJt^FJB^feWrti-St, 

r^^fcBl&Wft*^ F^5 3bii, ±85w*d< 
^^ n 5-^v'^yHt^^{i^tm 2iSSH5 0 l b lcS5^ 
t5t)<O^R$li5o mwi-nii\ #»«^#F*it 
(MQW) a>bft53g*:Slcfco-T\ ft: 

/jrAf©*3t»tt©a#*r*fci"l-«:, 2 i£Jg#FJift 
Jc»it5e*^t/*«^*<o^^'>^^coa*>^ 

[0 0 8 7] (H^J4) *j8«E«-CH, »(c, »*:jS 
8^t>'9ic|S«(Dt||^^^ib4^^7 , c^ (»«#FJB) £ 
Wz-tZy a^MltttcffixSac^FfllitLEDSrffjHi- 

[0 0 8 8 ] Hffll tCfE^<t^(7)LEDffl^^ 
ffifiS* (H5*B) *r*J*i-*fc3fc*>, n«Rl|4 
0 4«ail»T*, »«#FJ14 0 5<^)«B[S:BH*fe-ra 
icgamtc, 38*«l tcE*<Ofi8*tt>WftlkffS:*Lfco 

[oo89] ***«t?tt, »«8#f« 405^, mm 

& (Gao.a, I n 0 . „N) A*fe«*Lfc 0 »ffl#Fi4 
0 5 ?:^EMOC VD&fl?£*i|ffl LTJ*ffiH-5Bgtcfi, 
£tC> h3^> (me thoxy : - O C H 3 ) g£*ttfin 
LfcW«Yfc^* t LT^6 Olippm 
tO^JST'^tf h U ;*^vW"f >"S<yj* ( (CH 3 ) 3 I 
n) tlnliLt C^lCj:t9, ^iIT-M^^8 
xio 18 cm' 3 i:U io^f ^^^^a^cit^rO. l 8 
ir-r6T>- V — ~f(D nMG a 0 . 82 I n 0 . , . N£rJ5£flilU 

[0 0 9 0] SJ?£r#*J5 nmH, -V !i7lS^5 
x 1 0 1 7 cm' 3 ^i-S»i»#FS4 0 5^:8 8 5tX^ 

-C$)5 1 0 7 0 o C(C^ 1 0 0 0 C/5)^iST\ 2»Pp1T 
MLfco C<0#MlcSL^H*rP^. SS^^^MOC 
V DRjeE^^OfitfeSr^Wr Lfc 3 »M <!r flf-tirr 5 2> 
^njcSSrtitWSFlBSrRtt^o H**#F« 4 0 5(7) 
j*WoWSJc^^Tj«fi*KffcoSBfa]^lfl:tt5 w ^tcj: 

nf»i|4 0 ARTfin MS14 0 6 t<DM^(D 
»-fr#BB*c»Jt5«i«M±«:ftl 4nmi: Lfc 0 

[0 0 9 1 1 «S5ft, 1 0 7 0tt'3^HIot, HI 
fi»Jl fcR«»pJBA lo. 15 Ga 0 . 85 N^7yKi407 
^fi^f-ttfio piAl,., 6 Gao. 85 N^7yKl40 

7(c^^, lo^i^io, r^^ = ^^*adcJt ( = 

X) £0. 1 5ri>ib^®lCf6]tt-C 0\cH$L>P£itZ>mf&*l 
E«:ftLfcpf Ah Ga,-x N (X=0. 15-»0) 

M4 0 8 MIlto p»3>^^M40 
8(/^l^Tl/:ili, 9 5 0°CICft^4 0°C^il 
ST'^iPLto AWT. 9 5 0 e C/5^ 6 5 0°C[:i 5°C 
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[0 0 9 2 ] i8{±, ±ie<7)^Ii^ii 
ft 6 . »»#FB 4 0 5 <rcrt»<7>»»«tt*^8«S! 
«^SB«» (T EM) «T-*>S. WFS4 0 5I1 
-MftjSJt (=X) ^2~3%«bt6Ga 1 . x I 
nx Na*<bfeS£fW8S <t, >T > ^ AftriEtbSrtt 1 5 
-2 5%ait<lr-r5G a,.« I n x NOM 0 |^^/i 

ta»»Ti:(D*iHB*©*<i:ii ttsm-OWJ* 

SlcM6><ea»ofc 0 Lt^U HSRfi. £fMB S&tfttJR 

[0 0 9 3] jUt«HC|B«iB]««-Lr, *^#F« 
igLED^rf^StLfco LED^P)I1 SgftStfiSr^M 5 

^s#Fil^tll/^-r6G a,. „ 3 In 0 . i.N^S*-*-S**W 
»ih«iHT**>5^3. OeVClt^t, ^0. 34eV 

it*'*? h/l'<V¥B.$&te% : ) 1 2 nmi:4ofc. r*lbff> 
<7)3£S£^3 0%±[hIS^3 0 tiWkteotZo ZHX 

[0 0 9 4] 

spJffl-frTtt,, »*#FJBron?B^aEJBi:<o«^ffi-e* 

ftftftJctB^wA^S^FSiS***^**^^* £ 

[ 0 0 9 5 ] fS*JS2RO f 3ld|Ett^|g^r-(i, lt^3l 
1 <n3£W\zMz-X, »*W#FJi«:n»l»M*5J:an 
f^it'f^L, »*#FJIrt«c/<^KW**f*r*fe 

5 0 
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[0 0 9 6] Sr*^4C03BWT*Ji. IE?LS:ffitt J f-»W(& 
[0 0 9 7] ff^Jl5 6O|g0jT'li. »^#®-C<7)fetttt 

K <0 * JfrJc IS 5 <o*S* {fc £ J: 9 Wft KSSSi -e * 6 
J:fJ»Ji^e)*WH#F««:«rtUfc^*!>, 

[0 0 9 8] nit, »#«6 0«Wi:*ixtf, 
«5ttcfcor, iRiiH^FBrtwe^wat^*^*^* 
co/<>- K<7)ftW^SJK^ffliW#FHco^:ix^it«LT^: 

tit, ^--v y rw«i»i^/^-ww- ttwiMc 

So 

[0099] m^ms^mmxn, m^^mm^mm 

#FS£, *— «fiR-C*±ft<, ^ >'^*i^£/&&■1 : S3S-f- 
w ^^^^mfifeit^o. 3j^T^-f v^#-M&jSJt 

30 [oioo] jek, j»**9^e«<o*W"C-ii. 
m^Fwajs^^srftflt-esssii*^*)^, 

[mi] *-*^#F (SQW) «ii<D*#JI 

40 [ID 2] #mft^#F (MQW) *ift<7>«*»*«lx.fc 

[[34] *5S^lCf*^5MQW«iSJC}»tt ^^v 1 

[15] Hffifi«l(DLEDOWfffi«jfi«S;ia-C*>5o 
[HI 6] ^Jii^J2(nLED(7)^r®^igS^:[l]-C'^^ 0 

[117] sttwaavitiawi^iE^LEDw**^ 

50 WuT*fo5o 
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[19] ^3t^c7)#-ftT-#F (SQW) «igw£#Wfc 
[lio] s QW«J6<D^.*A'* f — WWiS^Je^B^T 1 y 

010, Oil. 10, 404. 500, 500a, 5 

oob: /<yri 

012, 11, 11a, lib, 11c, lid, 11 
e, 5 Ola, 501b, 501c, 5 0 1 d : #FH 
0 13, 2 4: #F««:*rt-rStt'»W**W*Jl:«f*l 
014. 015 7 H^«lh^ffi 

0 16: AKfV->t^F^ 
0 17, 16: fitfffF 
0 18, 20: ffifllrF-fif 

0 1 9, 0 2 0: gaicW«fc»fi8Stt5*^9Htt 

0 2 1, 0 2 2: mttWM^Mf&ZtlZttmiSL 
023, 024, 23: jl^^/U^ — 

1 : Mftlft 

1 a : ^Ttg 

i b : f^-#F 

1 d : £fifi^#F 

11a, 405, 501a : ft«#Fl 

lib, 501b :I2 i£S#FJg 

12, 406, 503: ^ffiffl 

1 3, 4 0 3 : 7 y K@ 

1 4, 4 0 7 : pB^^Ki 

15a, 43: *^#FJ§ <k fl-fcJB £ <7)^^@ 

15b: #M8#F« £ Pf-§gH £ a>**#B 

15c: JB2ifi«#FJBtl«Mi:<o^aEJl«w«^# 

l 5 d : m 2 £^#Fii £ l$|gS <b <nt£&ftm 
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16a: {kM&1"</1> (E c o) 
16b: eWfl?<Z>l&tW8 (E c) 
16c: fcm&<F>#7 L >isV'l'm 
1 7 : 7x./U* X/^JV 

1 8 : emww^ffi^^s/^utt 

1 9 : IST- 

20a : fffifE^?!? U-^/l" (Evo) 

2 0b: flES-7-*(OA«fHt (E v) 
2 0c: IffilW^^ry^t^i 

10 2 1 : fli«-T-«f«W(B:3fK^^^^yuS!5 
2 2 : IE7L 

2 5a: »*#F» &#r(Df££ 

2 5b: »*#FJirt^««^»«<0tt««e* 

2 5c: «2ifi*#FHrtoeW»«a)fttffwa* 
2 5 d : ^2ifi^#F®rt^iffim j ?-^ : il^tt^f(7)^ 
4 0, 5 0 : L E D 

4i. si: mmm&» 

• 4 0 0: ££ B H B S£ 

401: mmm 

20 4 0 2: niG a NJi 
4 0 8 : =i ^ hH 
4 0 9: nM*— $ V 9 MM 

4 10: pff^-S: ytmm 

5 1a: *^#F***<ft 
5 1b: #S#T-#F^it 
5 2 : 

5 3, 5 4: m3t*~^? 
5 3a: ^/L5^5^t^^^ h ^ 
5 3b: SiJ&Wfc&ftx^ 
30 S : 

T : fi£JR*B 

u : m^mmm 
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